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Figure 3 
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ArMaximum process temperature 

BrPractical range of 
(Si concentration /(Si concentration + Hf concentration)) X 1 00[%], 
in which the thermal stability of Hf silicate can be ensured. 



Figure 4 
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Xl-(Si concentration/(Si concentration + Hf concentration)) x 100[%] 



o 

CD 
CO 



I 

II 

> 

CO 
CD 



-Q 

CU 



CD 




100 



X2-(Hf concentration/(Hf concentration + Si concentration)) x 100[%] 



Eox (real) mode I 
E0T=1.5nm 

Incidence of fai lure=100ppm 
MOS area =0. 1cm 2 
Temper ature=100°C 



Figure 6 
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Thermal stability line 
:Reliability life line 

:Region in which only the thermal stability is ensured. 
:Region in which only the reliability life is ensured. 



V^X^K^ : R e g> on in which both the then 
the reliability life are ensured. 




Figure 7C 



Figure 8A 




Figure 8B 




Figure 8C 




Figure 9A 
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Figure 9B 
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Figure 9C 



[vacancy formation] 



22A 



, \ \ Ox \ \Q, \ \ N 
\ \ \ \ \ \ \ \ \ \ 

ACX\X\\VxV 



Figure 9D [Hf diffusion + Si diffusion] 
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Figure 12 



In the case where a source 
free from hydrogen is used 
(Tph=3.0~3.3nm) 
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Figure 13 
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In the case where 
Hf t-butoxide is used 
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Figure 14 
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A: Without PDA (Poly-Si gate) 
▲ : With PDA (Poly-Si gate) 
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